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ABSTKACT

A comprehensive neutronics, thermohydr:lulic, and mechanical design of a tritiura-

breedinm blanket for use h s conceptual lonpj-puleeReveraed-Field Pinch Reactor (RFPR) is

described. On the baais of constraints Imposed by cost and the desire to use existing

technology, a direct-cycle steam system and scainlees-steel construction was used. For

reasons of plasma ctability, the RFPR blanket supports a 20-mm-thick copper firet wall.

Located behind the I.S-m-radius first wall is a 0.50-m-thick stainlesa-steel blanket

containing a granular bed of Li- through which 11OWE low-pressure helium (0.1 MPa) forA

tritium extinction. Water/steam tubes radially penetrate this packed bed. Tha large

thernml capacity and low thermal diffuaivity of the L120 blanket ●re sufficient to

maintain a I.early conetant temperature during the - 25-s burn period (- 80% duty factor).

The copper first wall is cooled by circulating water (5.5 MPa, 310 K inlet, 460 K outlet),

and approximately 38% of the total fusion power is removed by the sepurate first-wall

coolnnt loop. Nucl~ar heating within the packed Li20 hed ~S removed by water circulating

in radial, close-spaced U-tubes (5.5 Pa, 422 K inlet, 551 Koutlet). These steam-

gene?ating tubes are nrr;lyed on 40-mm center~, use external fins to enhance and control

heat transfer from the packed bed, and arc ma!lLfoLded at the outer dicmeter of each

2-m-lon~ RFPR moclulti. Exit stc;lm conditions at 5.5 !fPa corr~spnnd to 7.8 K e.uperheat;

hulk boillng typically occurq in the inlet leg at 0.2 ❑ from the firet wall, and dryout

conditions nccur 0.3 m from the [lr~t wal: Ln”the outlet leg. ‘l’he~team Cyc 10 envisnged

for thu RFPtf is similar to that Ilscd in a light-wntcr nuclear prwcr plant. This blankt*t

dcsi~n ~encrntes 91ip,htly Supcrhi’nted st~flm [n a ~n~-p~lss ~~r,’r.lti.mtn eliml!’.~U th.: nerd

for a 9econdary conla[,t lrrop ,and .1Hep.mrntr stc,?m Rrnvr,ltor. The thrrmohyd r, II1.. :nal-

tlr~ nsrInc!ntcd with this mr!rc cnnvcnttonfil mode nf OpCriltlO!l ilro quantified. Cenrrally,

th,, projectrd 26.5% CYCIU efficl(’nl:yie llm~trd IIY thvrnml mrchimical c.onstrnint~ Lnpnscd

by the ?17-mm-rhtck cqprr first WI1l. Tritt:lm 1s rcl.msrd from thf L120 n~ T20 and is

Swrpt frnm tllo 1)1.lnkut In t.llr hclillm purge str~,.!mwith nr}:LiRi!_Il~,migration into the

primary crrnl:lntlunp. A low-t mnp{.r.!twrc, org,luic-flutd, buttumln~ ,.vc1{.USPS pnrt of the

r,.lrrt lIr:It.dPplHIit(idintO thC !i(31)~r:ltClyCOnlLVl [‘.r!!tWI [. Thl:+ hl:lnkt.tcon fi}:ur!lclcu

Iln:i n trltl,,m I,rou{lfn}:r.ntln in rxcI,Hs of 1 1 nnd rorovcrs >9q: of .1 fuHl(=I1 onrr~v ; n
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1. Introduction

The Reversed-Field Pinch [11 (RFP) is a high-hers tOroidal devtce Of arbitr~ry asPect

ratio with a planma current density that is sufficient to achieve ignition by ohmic

heat<ug alone. Confinement is provided primarily by the roloidal field with tile

concomitant economy of magnctfc field ..ndease of ❑agnet design. A conducting shell or

external conductors would elimina, ,.MHD modes with wavelengths in crccess of the minor

radius. External conductors ❑aintain stability on a ‘0.10-s time scale during the burn

phase. The dynanis bum model, plaama and engineering energy balances, and

stability/equilibrium criteria upon which the RFPR design is based have been

dcscrtbed. [2-3] Both technological and economic Ccns’.deraLions [3] point to a long-pulsed

(0.1-a riec-t ime, 20-30-s burn period) batch-burn operation ueing an air-core,

superconducting trm~net system. Table I summarize key parameters that define the physics

operating point upon which the proposed blanket and power cycle are baaed.

2. ~anket Tlcsign

To the casual obscr,~er a magnetically confined fualon reactor appcarg as an

intertwined array of coolant ducts penecraclng an almost inaccessible toroidnl assembly of

mllpPrcn~t-iltrrlngMafiner=. Tf the tnrnlrlrtl~spert ratio can he madp s!lfftcl.ently Iarg{m to

allow the use of cylindrical bla .kec ❑odule~, this proL,lem can be considerably reduced.

Furthermore, if th.! primary confinement .9y?Jtemcan be combined with the major heating

scheme, large auxiliary appendages can be eliminated from the torus. and the system

becomes even leaa complicated. Finally, if the plasma preaaure can be supported pri~arily

by poloidal mngnetic fields, which characteriscicnlly decrease in strength as the minor

rad!ua incrcnec=s, the low-field superconducting coils can be removed from the.viclnicy of

the blanket without n ser~ous incr=..]C in stored magnetic encr~y. The RFP is uniqllc in

that it combines all three of these marita: arbitrary aspect ratio, combined

hcattng/cunfillrmcnt Iystem, and low-flclcl poluldal field CO1lH. Tlle9P physics

characteristics [2.31 directly nffrct Envor.lbly the b’.anket design presented heruin. In

addition, thi~ deatgn invnkcs a “conventional” blanket technology emhodicd in the

watrrfstcnrn cnnlLng of a packed L12(l bud, stu lnlu:;s-stL.~.lstructure, and :lt.l~ll:lllL,

bor:ltwi-wnter shieldln!;. “Nnn(:onvcntion.11” a:;pccts of the RFPR hl.~nkrt tncllwle a cnpper

ftr~t wnl 1 fnr pl.l-~mnst,nhlIfxnt Lon and amhlent-tcmp ernt(lrc fcedhnck coil:; nrr;lyrd I)otwrrn

the blank!,t nnd sllirld. Preocnt llndrrstnndin~ nF the RFP is not !illfiL[!Li)!!Lto proposr n

Stcmfy-stntl= reactor. but tne lon~-pulqrd reactor [2,3] connldernhly rt,d(lci,~all system

thrrmnl rxrllr:+ton:s.Bntch-burn (>pornr[on is perml ttt,tiby the lli~ll-hrta enrr~y h~ll.~nc{,,

thrruby elimlnnltn)! nddl.kinnal cnmplcxltirn ,asnrriatud wltll refuclln): nnd impurity-control

riy.ltl.rn$l.

2.I Mrrll:!nlrnlT,.nyo!!tof Hl;!nklmr——..--— .—. .-—— ...... ..

A Hchonxtlc v1!,w nf four RFPK m,)tllll(,!!(2-m lrnEth, 1.5-m-rntlL!,!! flr!!t wdll) 1S

rlnplrrlwl [n Fl}{. J. ‘rll!.pol(llllnl rlelll rnlln (PFC), orlIfCII [:rt]v[ ,11. thr pl:l.lm:l111.:ItI111,..Ind

primary t.olll”lnrm,,nr, mrc prrm.ln~.ntly [Ixl.tlK(>~b,ltrl,ctllr<.tll::r 1!? CO1lNld~.r,lh:y V,wl,li’(.d

frnrn ~l,t, l?. J-m r,,,lf,,~,~“r,,~ ~,,t[, III,>r,,f,>r,,,,arr not ,ah:wnr. ‘rho Iiw-flt,l,l(I-2 T),

pa.rnunf.ntIy ln:tf.,11lot!, tor,]ld:lltlol~lcnl 1:1(m:) ;Irl.:Iufllc[uIItly n;lrr(w ,11111 .ldt>ql!,lLt,ly

I!+,,,(:,,,!t,> pt, rml 1. r#.mnv:lI 01 I)l!::l.1,1:111,1,1111L,llllllj;ml)dlll,,,l.Fl}:!lrt.2 IIIi,:itr.lt.,,.i.1

f Ir,lt-w:llI/l)l,illl.Ptn(Ml,J1,,Illml)ru utr!l,,t,lr.]1,1,,1ml 1. Tlli,20-mm-tlllck r,tpprr Itin,,r w:l11.
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operacen near the blanket temperature. A mechanical interlock (Fig. 2) betwmen modulee

provides ecruccural etability ●nd anhanced electrical contact, although an electrically

continuous first wall la not neceanary for a wall-stabilized plasma. Heat Senerated in

thm 0.5-m chick Li20 blanket (40 VIO L120, 10 vio H20, 15 v/o ●teel, 35 v/o void) ia

removed by water/GLcmm circulating in radially oriented U-tubes that are wnifolded at the

outer blanket radiua. Thene radial coolant tubes are pieced on 40z centerm ●nd support

qxternal fins to enhan~. heat transfer from the L120 pdcked bed. Trit ium ie removed from

the packed hed by n low-preeaure helium purge stream. The torus la conpoaed of 40

blanket/shield modulem ●nd raata within a vacuum tunnel; ●ach moduio la provided with a

vncuum duct (Fig. 1) that cu~necta the plamme chamber to the vacuum tunnel. Including the

copper first wall, a blanket module weighs 60 tonne, which approximately equala the weight

10 B, l.sq-thick) nhiald mduk.0[ the aaeociated, water-filled (12 w/o H3P03, 18. a a/o

An 80-mm-thick eteel and 100-mm-thick-lemd region IS located between the O.S-m-chick

blanket and che 1. 5-m-thick hemi-cylindrical shield to provide gamma-ray attenuation.

2.2 Newtrnnicn Analynia

A one-dimensional, radial tranaport coqutatlon [6] wae performed in the P3S8

aPPrcxi~tion on an la-zone representation of the firet-wall/blanket/ehield/coil geometry.

For a 14.l+eV neutron wall loading of 2.5 UW/m2, the average power density in the blanket

la 4.75 MWtlm2, the tritium breeding ratio la 1.11, and the mtficiency for capturing che

fuainn neutron energy la 99.1:. Table 11 aummerizaa the key neutronic re.mrltg. The local

heating ratee me used by the thermnhydraulic calculariona, which, when coupl~d with the

locnl trittu; breeding rate nnd a tritiwm diffusion model, yieldn the apat!al and temporal

dependence of the tritium relcnae rate and inventory. Although tne 20-mm coppor flr.qt

wall rcpresentn a net benefit for trltium breeding, che effects the high (n,2n), (n,a) and

(n,p) renctinn rateg (0.1465, 0.0061, 0.0121 per incident neutron, rempcctivcly), coupled

to thr IIIEII dtgplaecment rnte ( Xlo- dpa/~), will prrnont a materiale prchlam nnd a

lifrtimu determinant for this ntructure.

2. ~ Thrrmnhydrn[ll I,c Ann lv~~q.

Tho thcrmnhydrlulL:: nn~llyq[,: nf thn rtrnc-wnl 1 ,fhl.lnkot qywt.. m L* rOW.’l!nl -W* IV II1“:14(*,!

intn three parts: ‘hi? Cu firHt-wnl 1, rh~. bl.lnkut coril~lnt tuhm (wntrr/sttmn) . nnd the Li21J

pnrk,.d bed. TIIC cnnl inn rcqllirt.mvnt,.r for thl, SCI.1*1Ilond (1).nlll~Mu/n’) and

1120/nJill),,(6. 76(10)-:’tfW/mJ) shivlds arc ncgli Riblt*.

2.1.1. I’ir!ltWall—.— .

Fnr tl:t, Iwirn cond ItLonn xt.Jrm nn Tahli~ 1, rlw CIrst-w.111 brwv!:!tr.llll,ll:Rmm!

pl.19mm/l irld rnvrl:y tlum.s nvor,l@ over t’hrburn ryc II.nmtmlll fit0. 7q nmd 0.h4 }lW/m2,

rr!+pvrtIVV1y. ‘flit.:Ivrrnp,,wlvnlumv Lrlr hr:lt 1!1}; WII hill thr (Sqqwr r Lr$lt-wal I nrwl ~t.llnlvn~

stm,l hmrk lMH cmrrwp.ml, rospcct Ivcly, tn 3 I.H NH(I ~. J NW/m’. RUC.IUHI. or thr h.ltrh-burn

opor.lt I,MI wi thnu L pl,l:im;l dlvrrtl>rnc thw ~ Lr:i Lw,l I 1 r(,r,~l .I. H ItI:; ,*I rhv r nt.tl till, rmn] p,w,,r.

A rfr{”!lmff,r,,llLl:ll w;lt or-r{!,] I.mt ny:itrm W;lH rmlt. rttvl tll;~t IH st.pnr,lt r rrorn this !J1.lmkvt

I
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critical hmt flux, naglectingj centrifugal body forces. Both temperature gradient and

cyclic strees were computed to be below creep nnd Eacigue !lmite for oxygan-free copper,

but tha anticipated high ratee of tranemuration, displacements, and gaa generation dcmande

considerably mora analyete of the meteriale problems.

2.3.2 Blanket CrrJITnr ‘u!w?~

The cc,olant U-tubee traverse the L120 packed bed radially on 60-mm center- at the

fir~t-wall radius; the heat impuc to all finned U-tuben should be similar. Table 111

summmrtzea key thermohydraulic parameter. The fin dasign was not optini~ud, but the uac

of eight external f ina of 1. 25-m-thickness and 10-mm (6)/4-mm(4) langthe was coqutsd to

control eatiafactorily the peak 1.i2~ temperature; this fin arrangefrmnt also flattena tha

radial temperature distribution. The latitude in the fin daaign variablee appeara ro

permit a naarly ieorherml blanket, despite the strong vnrlatton in nuclear paer dansity.

The flw distribution ●nd boiling etability within the two-phaee U-tube waa carefully

quantified. Altho,lgh the blanket configuration reeulta in all poaaible tube orimtati~ns,

the relatively short lcngtha and 10U flow velocity should cauee ilw maldtstribution ,~nd

instabilities that are no wrse than found in a conventional a~a~m generator.

Furthermore, the low prensure drop makes ponaible the uae of inlet flow orifices to

Increaee the eingle-phase pteaaure drop if damping of instabilities proves neceasmry. [7]

Figure 3 givee tha radial distribution of coolant and U-tube temperatures. The

transition between eingle-phase. forced-couvectlon flw waa treated by the Jens-LotL s

correlm:lon [6] to predict the tube-wall t~crnturem The transition from eubconled

low-quality forced convection to high-qumlity, fo”:ed convection, which occurs at 5-10%

quallty, was predicted hy using chr Chen equntinna [6,7] and IS lmbeled “annular flow” in

FIR. 3. The point wherc!thc annulnr liquid layer yiclda to a higher-quality mist flnw or

‘“drynut” wne predicted hy thr Mocbcth correlation. [6,71 Beyond the point of dryout the

“frozen droplet” model [6,7] was uecd. In computing the tribe wall tempernturw, n fnulin~
-L ~2 ~/w [fj] wua uR@dm

rt!-lstnnce nf 1.76(10) Ae aecn from Fig. 3, the mximurn tube

temperature of 781 K occurs in the post-dry.nlt reglnn; uae nf intern.11 fins to rudure this

tt!~@raLurc wnuld mllnw thw rxit stenm rqm-aturv and ovcrilll therml efficloncy t,} b,:

Incrrased. The tuhc wnll temper.nturv wa~ uHrd in cnnJunctinn with the 10C:IL I.i ~(1 powwr

dun~ [ ty to CIMIIPUCOthr p.nckcrl-hcd tcmp~r;lturi. d lstrl hut i,ln.

2.3.3 l%rkrd 1.1,0 Bmi

Ualn~ the tuhr tomp,,rnturn dlstrlhutlnn. a trtanfiulnr unit celL (FIR. 3) .In(lthv A“(KR

computt.r prnl:r;lm,[’II tllc 1,1+1 pnrkod-lml trmporaturu di:ltrlbut Ion wan cnmpllti.d. A

trl,qnjyll.~r ,In[t CO1l WnH pl.1,.t.d nt oaclt ra’llal mrHh-pf>lnt uwi,d hy tllc neutroni rs mod{!1.

Tho hi~ll-tompcrnrurc thrrml propl~rtton OF Zr02 wmrm uml tn drncrib T.fzn, tnr wIIIcI1 unV

.~mlhlont-tr~i)rnr-~rl. dnrn rwllld hi, found. Tht, rhw L cnudwrttv{ty corral at Ion:t for

powd~r~ [H] wvr.~ corr[, crvd rnr tllr prt.~mco nf .ltm!mpllrrlr hcl Ilux Nas (i .r. , tht. t rlt Lllm

pur~lp Rfl*). Thw rndl.al dvpondmu-o t~f tho Ill}; ht.:it 1.1.,0 tomp!~r:ltllro is alfit) ~hou?l in

FII:. “1. Th I !I “hnr .Ipnt” trmpnr;ll urv ocr!lru nt tllr cunt~.r nf a g,lll.lrt~ fnrmu,l !IV Fmlr I!F

rht~ trl.lnp,ul,lr Ilnlr VI*1I-I (FIT. 1) .Iml I.V.-I,.N I .1 K ,h!rl n}: o N!:p!! I}lirn.
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2.4 Tricium ReleasO

The major concern about tritium r.=rolvae about two imeues: a) isolatlon of tritiun

from the watmr/nteam coolant etream(o). ad b) the adequacy OE the tritium releaoe rwte

from the L120 partichm. The flrsc ienue le addreaeed qualitatively. Low levale (faw

ppm) of owygen in the helium purge ehould rapidly oxidize Saseoua tricium, thereby

aneuring Ieolacion from the U-tube coolant. Isolat Lon of tritium in tha plaame chamber

Crom rhe first-wall coolant also ●ppaars feasible, !..- zkt diffueion at the 660 K peak

te~erature would lead to negligible coolant contamination. Hence, given favorable

txitium oxidation kinatica in the Li20/Ne packed bed and an integral coppar first wallo

tritium contamination im ●ither coolant loop should not preeent a aerioua problem. Th im

question, however, must be examined in more detail, particularly with renpect to the

firet+all coolant l-p.

The second tritium ieaue Cocueem nn the rate of fuel eupply and blanket inventory

required for a aalf-eufficient system. The unit call used to computa the L120 radial

“wcrndietribution” ot temperature—. (Fig. 3) waa applird to the kinetics of tritiun

build-up and releane. Each r~dial pnrnttion ta occupied by Li20 particles of ❑odnal

radius r . The local Li21J p.?ll=t
P

temperature and power density nllowa an ●atimete of the

“mlcrndistributio~.” of temperature thr~ughout the pellet. If the pellet of r~dius rp la

aasumed to be coqmacd of individual grains c? radiua, rg. tha time4apendent diffusion

equation colld be applied to thnt grain at a temperature Rivan by the microdietribution.

The tritium ?artiml pressure at ench grain boundary wae amwumed ●qual to that murroundin~

the L120 p=llet (i.e., rnpid grnln boundary difueion), and the tritiu diffwivity for a

givm grain wma evaluated according to themicrodlatrlbutinn of temperature within the

pellet. Tritium release:and inventory at nny tlmu ia mumm?d nvcr all grminm in a pellet;

this Humming procadure lb contlnucd over nll pellets situated along the mecrmliatributim

of truq3eraCure, me givcw by the thermohydrnulic calculations (Fig. 3?. Folluwing this

numerical procedure alLown the time and apaec L5vOhItion of the tritium cnnccntratlon anti

relermc to hc dccermined wlthfn ;I~lvtw unit CC1l at a givun rnd!.~1 pnsltion m a function

of nn~imwrl tfiffunlnn .-noffirf.-nt, qrnln rndf,l~, . , nnd pt.11(.t r.nd[ll:l, r .
E

Finnllv, t11~4e
P

tritlum dintrihu! Lnns nro int’nRr:ltrd over the rntfro blankut to ylold th~~ total tritium

inVl~ll LOry I (k~;a) , rul 1*.I:w rntt’ li(k~!s m) , and proh’!t ion r ltuR(kg,’.+ m) . Fi~ur,p $ sh.~w

Lhc dqvmdmncc nf I/Rt aIIri I./R 011 tim t for n rnngr nf rt,alistic r
P

and rg vnhws. For

th trltlum dlffuliliity a:lnumod (L.1*., for nlm [’4]), the IJl+l mnrrnrltntrlhtltinn 0[

tmpt,rmr urc Rivrn In Flfl. 3 Indlcntrd IInly - 807 OqIItl Ihr[um (trl~ium product Lon oqII,Ils

rt.]e. ~lln.) lIrLuU ,1 II11MI19!Ktlf yI!U1:6. TIIt. rvslll t:{ prt.~rmlmi in Fi R. 4 cnrrrspondll L<, a

mnrrodlntr[hutlnn of tompprntllrr in wht rlI tllo rlw.. mml 11111I cel 1 c I,JSVSL tn thv f lr~l w,nl 1

wmm roprntl.lf radl:1 11y ouLw:lrd thr,nl}~ll tlw~ h L,lnkt. t. r-ll~*r:lllv, tllLJ sy~tvm will EN*CIJML*

so] f-suff Ir[ont in rrll Im vllI*m thv Vnlllu of I,/l! rxriw.rls thr irtvvrwr nf tho trlcium

hr,,~~rllnl; r:lti~!. l’;IrkIIIl hod:! WII h tllr l.lr}\[.wt p..llt. t rn:liuH (onll.lnrt.(1 I i.mpor.lL1lro praki IIK
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an radiation ●ffacc:~ on both tritium transport ●nd changing pellet morpholo~, reprc9ent

i~ortant uncartainries.

3. Power Cyc!e

Stenm from the blanket 10 used to drive directly a high-pressure turbine operating

with a Rankine, direct cycle: thq blanket would operate both as a eteam generator ●nd a

superheater. Tha wet-nteam cycle IS airnilar to that mned for light-water fiaaion reaccora

(Teble IV). The first-all coolant loop removes 38% of the total thermal ●nergy, but thir

loop met operate with laer coolant taqtmraturee (Table 111). me water (460 K) leaving

the firet-wall coolant loop IS teed firnt for reheat between the ince~diate and

lw-preesure turbinee (660/445 K), and a liquld-liquid heat ●mchanger (445/427 K) ie ueed

to heat feedwater reLurning to the packtd-bed blanket. Finally, a 1~-temperature

(427/310 K) Iaobutana boiler ie used for a bottoming cycle befora returnins the first-wall

cooling water.

Thc groea eff icien,-y of this low-euperheat cycle ie 26. 5%. Moderate changee in the

blanket design are required to adopt a boiling water or pr.:i:.::1::.i -uac~r fission reactor

cycle, which nperacee nbove 30% ●fficiency. The conntralnte presently envisaged Eor the

copper fi:st wall, hauovar, will not allow a complete adoption of aither finsion r~actor

condition and ●fficianciea. Parametric etudtea ahou thnt operating che firet wall at the

blanket coolant cempereturc wuld increase the cycle efficiency to 23%. Increasing the

blanket/firet-wr.11 conlant temperatures by 100 K above thone reported I.i Table IV would

reeult in cycle ●fficiencies of 352. Operating with higher coolant temperlturee, hnwever,

will require a reaesesnment of the conventional ❑eterial. used.

4. Concluaion9

A steam-generating packed-bed blanket uainfi conventional wteriale and fabrication

technnlogice nppearq feanible frOL the vlwpoint of tritium containment, operatlone nnd

maintenance, thcrmalhydraulice, structural adequacy, and ovcrnll steam cycle. Al though

cycle ●fficionciem of 30Z arc gencra!ly prmeible with this conventional apprnnch, thr

presently perceived need For a 2Wnm-thick cr)nductln~ first wall for the RFPR reduccn thle

efficiency m 26.5%. St ncr this copper firHt wiIll int~rcepts 38: of thp tot.nl thurmnl

●cwrgy, operntlon of the conducting first wall near ambient tempcrmturc would lead to

cnns{drrahly rcduccd cycle cffir;.encics. ~Illc First-wall cnnfiguracion mloptrd ior this

utudy plays nn impnrtfint role f:.LIIC achievcmenr of acccpt:hlu tritium br~odinc r;ltios in

relatively thin .qtructurr-fllltwl blankets, but the radiation effectn, aa mwanured by

trnnnmutation, Em prnductlcm. awd displacement raten, will bc ni~nificant. Althnugh the

condnctf.n~ ffr.Et Wnl.1 in not! a Rtrurtural mrmbor or m vacuum harrL1!r, th~ patcntLml for

increased el_ctrlcnL resist Ivtty nnd Ions nf ❑elf-inrc~riry may requtro frrqurnt

repl.lwnent andlor repnlr. It h c~haslzed, howvrr, thntprcncnt physics untferntnndlng

in mfffcicntly nh+rllr,~tn warrnrit Cxfmln,lrtrm nf other Echom-m nnti cnnfl~wrfltlons t n

provlA- ~hort-trrm (<0. I-JJ) pl:ll;mn ntabtltz;lt 10II WI IIIO ❑lmltnnonll:lly maLnt;lLnlnn an

ncccptnblu brecdlnfl r~ltin .mul cyrlc offfctcncv. I.nstly, tho Ilsn nf twn scparxtp cnolmt

ln11p:4 and n Inw-trmpuraturr! hottoml. nR cyr It. is nnt tlw moHt cnHt-(.f~vcrivr Ippro,lcll, rind,

conntmqwntly, futurp HIudlcH and r{’lln~imrnt~ nf thin ‘~l,mkl,t Cnllct.pt will f,icuu nn nn

int,.~r,ltod fir:lt-wal;/1)1.lIfKt~tunlll.mt svntl,m [n whlrh thr first-wnll. rr~lon will funrtlou

as J prchvnt,,r.
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G.E. Core
a. .

TABLE I. RFPR-11 INTERIM DESIG:I SUHXARY: AIR-
CORE F’OLOIDAL TRANSFORMER, SUPERCONDUCTING C!3LLS

Parameter Value

First-wall rmdius (m)
Majfir radius (m)
Pla9ma current (MA)
Toroidal coil energy (GJ
Poloidal coil energy (CJ
Burn time (s)
Cycle time (s)
14.l-MeV neutron current
Engineering Q-,#alue
Thermal power (HUt)
Power densityfa) (MIJ1’/m3) 0.90

1.5
12.8
20.0
4.7
6.6

21.6
26.6

(MW/m2) 2.5
6.5

2950

‘a) Based on volume enclosed by and

includlng superconducting coils.

TABLE II. NEUTRONIC PARAMETERS (lW - 2.5 NW/m2)

EKPRESSED PER UNIT LENGTH OF PLASMA

Parameter Value
To al tritium breeding ratfc

$,i hreedinp, ratfc!
!.112
0.970

Li breeding ratio 0.142
Heating in the blanket (HW/m)

neutrm 15.7
gamma lo.k

Total 26.1
Heating in the shield (?lW/m)

neurron 0.03
gamma 0.2:
Total 0.24

‘;:~~;~;;;~~$~; )~;~;$’i;oduction

0.91

4.08f12. 10/
structure (steel nc~r first wall) x 10-3 0.4611.551

coil (Cu) x lo-~lne”r ‘“ter ““nket) H ‘0-3 ::M;:;:,
structure (stec

(ajper incldrnt neutrnn
(b)per second

(c) (n,2n) = O. 14.45per incident neutron

TABLE 111. TllER,MAL HYIIN.AU!.IC PAIL%lETE?.FOR A 2-m LONG BLANKET MODULE

Paramvtrr

Material
Radial thlckncas (m)
Water flow rmte (kg~s)
Inlet pressure lf4Pa)
Pressure drop (kPa)
Inlet temperature (K)
O1,tLet temperature (K)
Numhcr of cooln!lt pn~snges
Dimensions nf coolant ch;lnncl (I,?m)
Flow r,l~e per c:lanncl (kg/~)
Rcvnoldti nuwher
Maximum tf,mpur.lt.urv(K)
Minimum tempcrxtllr? (K)
Flnw vnlncity (m/:])

First Wal 1

Cu
0.02
39.6
5.52

21
310
flf,()

100
15 x 15

0.4
7.6(10)4
660
549
1.h3

Blanket 11-T1lIJ,.—. —.—

Fe/Cr/Ni
().5
19.7
5.5(nominal’
< 1.4
310
551
5890
12.5 O.d. (’
3.4(10)-3

4.74( lrJ)~@;
781
475
fJ.()/,(inl~t)

N2/4-g

.0 wall)

— -—
(a) ~2,000 at stc.lm cwltlct



G.E. Cort 10.

TABLE IV. SU?4MAR’{9P STEAM CYCLE CONOITIO!:S

Parameter

Rated Output (FfUt/f4Ue)
System pressure (!@a)
Steam generator temperatures (K)

inlet
outlet

Superh~at (K)
Total coolant flow rate (kg/e)

Total heat transfer area (m2)

Steam generator tubee
number
length (m)
temperature :K)
preesure, (14Pa)

Overail thermal-to-electric
conversion efficiency

(a)bOiling-water fission reactor

RPPR

2950/790
5.5

422
551
7.0
1584(fir9c wall)
7L9 (blanket)
764 (first wall)(c)
12,000 (blanket)

2.76(10)5
1
844
6.2

0.265

‘b)pressurized-water fission reactor

‘C)based on 25% of total cooling duct area

BWR/6(a)

3293/1000
6.9

558
--

0.0
1777

--
--

> 0.3

Pn(b)
—. —

2%ii!1886
15.1 (prirmrv)
6.3 (secondary)
508
572
19.4
8273 (pri.,ary)
702 (secondav)
4620 (core)
28,000 (steam ~eneracors)

31,960
18
589
7.2

>0.3

.. . .......... .. .. . . ... . .



G.E. Core 11.

FICI:RE CAPTIONS. . —.
FIF. 1. Isomccri.: view of 2-m-long RFPR reactar mor!ules(4). Ent .rc assembly is

located within a ,Jacuum trenc;t that is lined vercicnlly uith the
polnirlal field coils (not shovn)-

Fig. 2. Isc-.1etricview of 2-n-lonZ REPR blanket module illustrating replacement
scheme.

Fig. 3. Temperature and power dist:ibucions In the Li20 packed bed, coolant
cube and coolant.

Fig. 4. Time dependence of normalized tritium blanket inventory I(kg/m) and
relcnse :atc R(kg/s m) for a Li,0(41Y v/o) packed bed of O.S-a thickn~ss
a9 a function OL Li20 pelle? ~adius rp and grain radius rg, uSinl: BeO

trtLium ditfuqti~ity. [q] Case 1P indicates pellet condicionc where local
❑elting of Li,O is expected.

N214-g
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L.i20 Packed Bed With

40-mm Centerline Coolant
U-Tubes (5C90 Per Module)

I
20-mmThick, ; :
wGtU-cOO!:d

Copper First
wall
(1.5m Radius)-

With Radial
stiffeners
(0.5+nThick) ] >;3
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